ABSTRACT: This study presents a method for determining the mass transfer coefficient for the toxic chemicals evaporation from circular pools formed due to the failure of plant integrity or escape from valves. The approach used in this present research work is to develop a correlation by a robust optimization technique known as Genetic Algorithm from the experimental data. The developed correlation can be used to model the hydrocarbon evaporation from spills or releases at different wind speeds. From the mass transfer coefficient, the vapor concentration of the hydrocarbon spillage in the environment can be determined which can be used in quantitative risk analysis to predict the effect of toxic release. @JASEM
Emissions of hydrocarbons are one of the most serious hazards in chemical and petroleum industries. This occurs from various sources such as rupture of pipelines, valves and vessels in the highpressure operations. The scale of the possible fire, explosion and toxic release has grown and so has the area which might be affected by such events, especially outside the work boundary (Lees, 1991) . Accidental releases of hazardous and toxic chemicals can cause a serious risk to a worker's safety and to the environment in Industries (Keun-Won Lee, 2002 ). An immediate concern is the generation of an excessive chemical vapor concentration downwind of the spill, which may cause health and fire hazards (Kawamura and Mackay, 1985) . The objective of the present study is to develop a model for determining the mass transfer coefficient for the hydrocarbon evaporation from spills. Genetic algorithm has been applied to determine the model parameters at various wind speeds for the systems benzene, toluene, oxylene, carbon tetrachloride, acetone and ethyl acetate.
MATERIALS AND METHODS
Studies were made to determine the evaporation of benzene, toluene, o-xylene, carbon tetrachloride, acetone and ethyl acetate. The chemicals were supplied by Fischer and their purities were 99.5%. Temperature was varied from 40 to 135 o C depending on the boiling points of the systems and the wind speed varied from 1 to 3 m/s. Glass beaker of 0.087m diameter was used as a container. Experiments were carried at different constant temperatures. The temperature was maintained with an accuracy of ± 0.5 o C. Wind conditions were simulated in the laboratory using an air circulator, which has provision for varying the speed. The velocity of air was measured using an anemometer. The rate of evaporation was determined for all the volatile liquids by measuring the decrease in level of the liquid in the container for a known period of time. Experiments were carried under different wind speed conditions. For different temperatures and wind speeds, evaporation rates were obtained from the slope of the straight lines from the plot of amount evaporated versus time for the said systems and the values are given in Tables 1 to 6 . Model to estimate the mass transfer coefficient: Leinonen and Mackay (1975) predicted a model of evaporation based on the molar flux of an evaporative component i from a hydrocarbon spill and is given by
Equation 1 can be modified in terms of the rate of evaporation and it may be written as
For many cases, i P is much greater than P, and the Equation 2 is reduced to
The rate of evaporation data were used to estimate the mass transfer coefficient
The mass transfer coefficient values were used to correlate the mass transfer coefficient as a function of wind speed, pool size, density and viscosity by the equation
The mass transfer coefficient was calculated from the experimental data using the equation (4). The Wilke-Lee modification of the Hirschfelder-BirdSpotz (Treybal, 1981) method was used in establishing the diffusivity and the viscosity values were obtained from the Nomograph (Perry et al., 1984) of the viscosities of gases.
Genetic Algorithm: Genetic algorithms are a part of evolutionary computational algorithms, which is a rapidly growing area of artificial intelligence. Genetic algorithms are inspired by Darwin's theory of evolution. GA is a search technique based on the mechanics of natural selection and natural genetics. It combines solution evaluation with randomized, structured exchange of information between the solutions to obtain optimality. GA is a robust approach as there is no restriction on the solution space during the search. The optimum solution is searched by randomized information exchange, thereby simulating the survival of the fittest criterion of the Darwinian evolution among the chromosome structures. In every generation, a new set of artificial chromosomes is created using bits and pieces of the fittest of the old ones.
GA operates on several solutions simultaneously, gathering information from current search points and using it to direct subsequent searches, which makes GA less susceptible to land at local optimum values. GA offers significant savings in computational effort by selectively searching a much smaller fraction of the solution space for problems involving large number of discrete variables. It efficiently exploits historical information to speculate on new search points with expected improved performance. GA involves an intelligent way to search for the optimum solution to a problem hidden in a wealth of poorer ones (Govindarajan, 2004) .
Estimation of Model Parameters Using Genetic
Algorithm: In this research work GA, being a robust optimization technique, has been employed to determine the model parameters used to determine the mass transfer coefficient of hydrocarbon evaporation from spills under different wind speed conditions. The objective function value is the absolute difference between the simulated outputs resulting from using parameter set in model and the observed data. For example, a model can produce values for a single output, y model that can be compared against measured data for the same variable, y data . An optimization technique attempts to find a set of parameter values minimizing an objective function, which is defined as the difference between y model and y data . There are considerable technical issues in optimization, particularly ensuring a global minimum. Hence the use of genetic algorithm, a global optimization technique is justified for the estimation of model parameters used to determine the mass transfer coefficient of hydrocarbon evaporation. 
( 1 0 ) The limit values of model parameters can be set at any positive values of wider range. Hence GA based methodology is also efficient in finding the suitability of a model given the experimental values. If the experimental value does not fit for a reasonable value of model parameters, it indicates the assumed model is not suitable for the system considered under the conditions of experiments. A penalty function approach is used to handle the limitviolated constraints. Hence the objective function is given by
The fitness is obtained by transforming the minimization problem into a maximization problem as
RESULTS AND DISCUSSION
The evaporation rate is plotted against temperature for different wind speed conditions which is shown in the figures 1 to 6. It is evident from the plots that temperature increases linearly with rate of evaporation in most of the cases. The experimental and GA predicted values of N Sh were compared and are presented in Figures 1 to 12 From the above relationship, the Sherwood number can be evaluated provided the natures of hydrocarbon and pool diameters are known. The mass transfer coefficient can be calculated from the Sherwood number by the equation (14) which can be used to model the hydrocarbon spill and in the development of simulation software to mitigate the hazardous situations. 
Conclusion: Experiments were carried out in laboratory for the evaporation of benzene, toluene, oxylene, carbon tetrachloride, acetone and ethyl acetate at different wind speeds to model the hydrocarbon evaporation. Based on the results, a correlation is developed for the determination of mass transfer coefficient.
The present study assumes the significance of the mass transfer coefficient value which is needed to determine the vapor concentration of the hydrocarbon spillage in the environment, that can be used in quantitative risk analysis to predict the effect of toxic release. Genetic algorithm has been found to be successful in determining the model parameters for wide range of experimental conditions. Hence GA based optimization methodology can also be efficiently used to predict the model parameters from the experimental data in the field of environmental and safety engineering. 
